A METHOD FOR FABRICATING A RESIST PATTERN, 
A METHOD FOR PATTERNING A THIN FILM AND 
A METHOD FOR MANUFACTURING A MICRO DEVICE 

Background of the Invention 

Field of the Invention 

[0001] This invention relates to a method for fabricating a resist pattern, a 
method for patterning a thin film and a method for manufacturing a micro device. 
Related Art Statement 

[0002] Thin film-patterning is performed by using a milling method, a lift-off 
method or a combination method of milling and lift-off. Then, a resist pattern for 
the thin film-patterning is normally formed in a T-shaped cross section or a reversed 
trapezoid cross section, for repressing the burr from the removed material attached 
to the side surfaces of the resist pattern and facilitating the removal of the remaining 
material. 

[0003] Normal exposure treatment and development treatment carried out as 
shown in Japanese Examined Patent publication Kokoku Hei 7-6058(JP B 7-6058), 
such a resist pattern is constructed of a two-layered structure, that is, a Bi-layered 
type resist pattern, which includes a photoresist layer as a top layer and a 
polymethylglutarimide layer as a bottom layer. 

[0004] Moreover, the resist pattern can be fabricated as described in Japanese 
Patent No. 2922855. In this case, a negative working agent is added to a positive 
photoresist containing an alkaline soluble phenol resin and naphthoquinonediazido 
to prepare a photoresist material having picture inversion function. Then, the 
photoresist material is exposed and developed, and subsequently, heated to fabricate 
the resist pattern. 

[0005] Furthermore, the resist pattern can be fabricated as follows: First of all, 
a phenol dissolution accelerator is added to a novolac type positive photoresist to 
prepare a so-called MG type photoresist material. Then, the MG type photoresist 
material is exposed and developed to fabricate the resist pattern. 
[0006] However, a minute resist pattern can not be fabricated due to the 
optically theoretical limitation of a illumination beam to be used in the exposed 
process. Accordingly, only a wider resist pattern can be fabricated, and thus, only 
a wider thin film pattern can be fabricated. 
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[0007] Moreover, in the above-mentioned T-shaped or reversed trapezoid resist 
pattern, the lower portion is set to be narrower than the main body to define the 
patterning width. Therefore, the contact area between the resist pattern and a base 
material is narrower, compared with the total size of the resist pattern, in some case, 
resulting in the degradation of the adhesive strength of the resist pattern to the base 
material. 

[0008] Accordingly, in the case that the thin film-patterning is carried out using 
such a resist pattern, the resist pattern is broken away at the development process, 
and thus, precise thin film-patterning can not be carried out. 

Summary of the Invention 
[0009] It is an object of the present invention to provide a method for fabricat- 
ing a resist pattern having a minute pattern width smaller than optically theoretical 
limitation, and thus, to provide a method for patterning a thin film narrowly. 
[0010] In order to achieve the above object, this invention relates to a method 
for fabricating a resist pattern, including the steps of forming a pre-resist pattern 
through exposure treatment and development treatment, and ash-treating the pre- 
resist pattern to form the resist pattern narrowed. 

[0011] Concretely, if the ashing treatment is carried out for such a Bi-layered 
type pre-resist pattern, a picture reversion type pre-resist pattern or a MG type pre- 
resist pattern as mentioned above, the desired minute resist pattern smaller than 
optically theoretical limitation can be obtained. 

[0012] In the case that the Bi-layered type pre-resist pattern is employed, the 
fabricating method includes the steps of forming the polymethylglutarimide layer on 
a given base material, forming the photoresist layer on the polymethylglutarimide 
layer, exposing and developing the photoresist layer via a given mask, partially 
removing the remaining polymethylglutarinide layer with an alkaline water solution 
to form the pre-resist pattern, and ash-treating the pre-resist pattern to the narrowed 
resist pattern. 

[0013] In the case that the picture reversion type pre-resist pattern is employed, 
the fabricating method includes the steps of coating the picture reversion type 
photoresist on a given base material, exposing the picture reversion type photoresist 
via a given mask, heating the picture reversion type photoresist after the exposure 
treatment, developing the picture reversion type photoresist after the heating 
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treatment to form the pre-resist pattern, and ash-treating the pre-resist pattern to 
form the narrowed resist pattern. 

[0014] In the case that the MG type pre-resist pattern is employed, the 
fabricating method includes the steps of coating the novolac type positive 
photoresist containing the additive phenol dissolution accelerator on a given base 
material, 

exposing via a given mask and developing the novolac type positive 
photoresist, to form the pre-resist pattern, and ash-treating the pre-resist pattern to 
form the narrowed resist pattern. 

[0015] Moreover, a thin film patterning method according to the present 
invention is characterized by using a resist pattern fabricated by the above- 
mentioned fabrication method or a preferred fabrication method as will be described 
hereinafter. 

Concretely, the thin film patterning method is carried out using the resist 
pattern according to the present invention and a milling method, a lift-off method or 
a combination method of milling and lift-off. 

[0016] In the case that the resist pattern made of the Bi-layered type pre-resist 
pattern is used and the milling method is employed, the patterning method includes 
the steps of forming a thin film to be milled on a given base material, forming a 
polymethylglutarimide layer on the thin film to be milled, forming a photoresist 
layer on the polymethylglutarimide layer, exposing and developing the photoresist 
layer via a given mask, partially removing the remaining polymethylglutarinide 
layer with an alkaline water solution to form a pre-resist pattern constructed of the 
photoresist layer as a top layer and the polymethylglutarinide layer as a bottom layer, 
ash-treating the pre-resist pattern to a narrowed resist pattern, and milling the thin 
film to be milled via the resist pattern to obtain a patterned thin film. 
[0017] In the case that the resist pattern made of the picture inversion type pre- 
resist pattern is used and the milling method is employed, the patterning method 
includes the steps of forming a thin film to be milled on a given base material, 
coating on the thin film to be milled a picture reversion type photoresist which is 
made by adding a negative working agent to a positive type photoresist including a 
mixture of alkaline soluble phenol resin and naphtoquinonediazido, exposing the 
picture reversion type photoresist via a given mask, heating the picture reversion 
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type photoresist after the exposure treatment, developing the picture reversion type 
photoresist after the heating treatment to form a pre-resist pattern, ash-treating the 
pre-resist pattern to form a narrowed resist pattern, and milling the thin film to be 
milled via the resist pattern to obtain a patterned thin film. 

[0018] In the case that the resist pattern made of the MG type pre-resist pattern 
is used and the milling method is employed, the patterning method includes the 
steps of forming a thin film to be milled on a given base material, coating a novolac 
type positive photoresist containing an additive phenol dissolution accelerator on the 
thin film to be milled, exposing via a given mask and developing the novolac type 
positive photoresist, to form a pre-resist pattern, ash-treating the pre-resist pattern to 
form a narrowed resist pattern, and milling the thin film to be milled via the resist 
pattern to obtain a patterned thin film. 

[0019] In the case that the resist pattern made of the Bi-layered type pre-resist 
pattern is used and the lift-off method is employed, the patterning method includes 
the steps of forming a polymethylglutarimide layer on a given base material, 
forming a photoresist layer on the polymethylglutarimide layer, exposing and 
developing the photoresist layer via a given mask, partially removing the lemaining 
polymethylglutarinide layer with an alkaline water solution to form a pre-resist 
pattern constructed of the photoresist layer as a top layer and the polymethyl- 
glutarinide layer as a bottom layer, ash-treating the pre-resist pattern to a narrowed 
resist pattern, forming a thin film to be patterned on the base material so as to cover 
the resist pattern, and lifting-off the resist pattern to obtain a patterned thin film. 
[0020] In the case that the resist pattern made of the picture inversion type pre- 
resist pattern is used and the lift-off method is employed, the patterning method 
includes the steps of coating on a given base material a picture reversion type 
photoresist which is made by adding a negative working agent to a positive type 
photoresist including a mixture of alkaline soluble phenol resin and naphto- 
quinonediazido, exposing the picture reversion type photoresist via a given mask, 
heating the picture reversion type photoresist after the exposure treatment, 
developing the picture reversion type photoresist after the heating treatment to form 
a pre-resist pattern, ash-treating the pre-resist pattern to form a narrowed resist 
pattern, forming a thin film to be patterned on the base material so as to cover the 
resist pattern, and lifting-off the resist pattern to obtain a patterned thin film. 
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[0021] In the case that the resist pattern made of the MG type pre-resist pattern 
is used and the lift-off method is employed, the patterning method includes the steps 
of coating a novolac type positive photoresist containing an additive phenol 
dissolution accelerator on a give base material, exposing via a given mask and 
developing the novolac type positive photoresist, to form a pre-resist pattern, ash- 
treating the pre-resist pattern to form a narrowed resist pattern, 

forming a thin film to be patterned on the base material so as to cover the 
resist pattern, and lifting-off the resist pattern to obtain a patterned thin film. 
[0022] In the case that the resist pattern made of the Bi-layered type pre-resist 
pattern is used and the combination method of milling and lift-off is employed, the 
patterning method includes the steps of forming a thin film to be milled on a given 
base material, forming a polymethylglutarimide layer on the thin film to be milled, 
forming a photoresist layer on the polymethylglutarimide layer, exposing and 
developing the photoresist layer via a given mask, partially removing the remaining 
polymethylglutarinide layer with an alkaline water solution to form a pre-resist 
pattern constructed of the photoresist layer as a top layer and the polymethyl- 
glutarinide layer as a bottom layer, ash-treating the pre-resist pattern to a narrowed 
resist pattern, milling the thin film to be milled via the resist pattern to form a pre- 
patterned thin film, forming a thin film to be patterned on the base material so as to 
cover the resist pattern, and lifting-off the resist pattern to obtain a patterned thin 
film including the pre -patterned thin film. 

[0023] In the case that the resist pattern made of the picture inversion type pre- 
resist pattern is used and the combination method of milling and lift-off is employed, 
the patterning method includes the steps of forming a thin film to be milled on a 
given base material, coating on the thin film to be milled a picture reversion type 
photoresist which is made by adding a negative working agent to a positive type 
photoresist including a mixture of alkaline soluble phenol resin and naphtoquinone- 
diazido, exposing the picture reversion type photoresist via a given mask, heating 
the picture reversion type photoresist after the exposure treatment, developing the 
picture reversion type photoresist after the heating treatment to form a pre-resist 
pattern, ash-treating the pre-resist pattern to form a narrowed resist pattern, milling 
the thin film to be milled via the resist pattern to obtain a pre-patterned thin film, 
forming a thin film to be patterned on the base material so as to cover the resist 
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pattern, and lifting-off the resist pattern to obtain a patterned thin film including the 
pre-patterned thin film. 

[0024] In the case that the resist pattern made of the MG type pre-resist pattern 
is used and the combination method of milling and lift-off is employed, the 
patterning method includes the steps of forming a thin film to be milled on a given 
base material, coating a novolac type positive photoresist containing an additive 
phenol dissolution accelerator on the thin film to be milled, exposing via a given 
mask and developing the novolac type positive photoresist, to form a pre-resist 
pattern, ash-treating the pre-resist pattern to form a narrowed resist pattern, milling 
the thin film to be milled via the resist pattern to obtain a pre-patterned thin film, 
forming a thin film to be patterned on the base material so as to cover the resist 
pattern, and lifting-off the resist pattern to obtain a patterned thin film including the 
pre-patterned thin film. 

[0025] According to the resist pattern-fabricating method of the present 
invention, the pre-resist pattern fabricated by a conventional method is narrowed to 
a smaller size than its optically theoretical limitation by the above ashing treatment, 
so a narrower resist pattern than its optically theoretical limitation can be obtained. 

Therefore, according to the thin film-pattering method of the present 
invention using the narrowed resist pattern, a minute patterning can be performed 
for a thin film. 

[0026] Moreover, in fabricating the pre-resist pattern in a T-shaped cross 
section or a reversed trapezoid cross section, the contact area between the pre-resist 
pattern and a base material can be increased, as compared with the main body of the 
pre-resist pattern. Therefore, the adhesive strength of the pre-resist pattern to the 
base material can be enhanced, so that the pre-resist pattern is not almost broken 
away of the base material at the development treatment. 

Moreover, although the contact area to the base material of the pre-resist 
pattern is reduced due to the configuration, the pre-resist pattern is not almost 
broken away of the base material and toppled at the ashing treatment because 
physical strength is not applied to the pre-resist pattern. 

[0027] Since the resist pattern is narrowed by the ashing treatment, the rising 
angle of the main body of the resist pattern is increased, and thus, gently sloped or 
the rising portion of the main body is roundly shaped. As a result, the patterning 
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width of the thin film is defined by the nearby portion to the bottom portion of the 
main body of the resist pattern, and thus, is narrowed, as compared with the 
patterning width by the conventional method, in which the patterning width is 
defined by a maximum width of the resist pattern. 

[0028] In the resist pattern-fabricating method and the thin film-patterning 
method of the present invention, the wording "given base material" means a single 
substrate or a combination of a substrate and an underlayer for a thin film to be 
milled or a micro device. 

Moreover, the "ashing treatment" means the burning up and removing 
treatment for an organic thin film using oxygen plasma. 

Brief Description of the Drawings 

For a better understanding of this invention, reference is made to the 
attached drawings, wherein: 

Fig. 1 is a cross sectional view showing a first step of a thin film- 
patterning method according to the present invention, 

Fig. 2 is a cross sectional view showing the next step after the first step 
shown in Fig. 1, 

Fig. 3 is a cross sectional view showing the next step after the step 
shown in Fig. 2, 

Fig. 4 is a cross sectional view showing the next step after the step 
shown in Fig. 3, 

Fig. 5 is a cross sectional view showing the next step after the step 
shown in Fig. 4, 

Fig. 6 is a cross sectional view showing the next step after the step 
shown in Fig. 5, 

Fig. 7 is a cross sectional view showing the next step after the step 
shown in Fig. 6, 

Fig. 8 a cross sectional view showing a step of another thin film- 
patterning method according to the present invention, 

Fig. 9 is a cross sectional view showing the next step after the step 
shown in Fig. 8, 

Fig. 10 is a cross sectional view showing a first step of still another thin 
film-patterning method according to the present invention, 
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Fig. 11 is a cross sectional view showing the next step after the step 
shown in Fig. 10, 

Fig. 12 is a cross sectional view showing the next step after the step 
shown in Fig. 11, 

Fig. 13 is a cross sectional view showing the next step after the step 
shown in Fig. 12, 

Fig. 14 is a cross sectional view showing the next step after the step 
shown in Fig. 13, 

Fig. 15 is a cross sectional view showing the next step after the step 
shown in Fig. 14, 

Fig. 16 is a cross sectional view showing a step of a further thin film- 
patterning method according to the present invention, 

Fig. 17 is a cross sectional view showing the next step after the step 
shown in Fig. 16, 

Fig. 1 8 is a cross sectional view showing the next step after the step 
shown in Fig. 17, 

Fig. 19 is a cross sectional view showing a manufacturing step of a thin 
film magnetic head using a resist pattern-fabricating method and a thin film- 
patterning method according to the present invention, 

Fig. 20 is a cross sectional view showing the next step after the step 
shown in Fig. 19, 

Fig. 21 is a cross sectional view showing the next step after the step 
shown in Fig. 20, and 

Fig. 22 is a cross sectional view showing the next step after the step 
shown in Fig. 21. 

Detailed Description of Preferred Embodiments 
[0029] This invention will be explained in detail, with reference to the attaching 
drawings, hereinafter. 

Figs. 1-7 are cross sectional views showing a thin film-patterning 
method according to the present invention. In this embodiment, a Bi-layered type 
pre-resist pattern is employed to form a resist pattern, and then, the thin film 
patterning is carried out via the resist pattern by a milling method. 
[0030] First of all, as shown in Fig. 1, a thin film 2 to be milled is formed on a 
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substrate 1 by a sputtering method or the like. Then, as shown in Fig. 2, a 
polymethylglutarimide (hereinafter, often abbreviated as "PMGI") layer 3 is coated 
on the thin film 2 to be milled. Then, as shown in Fig. 3, a photoresist layer 4 of, 
e.g., positive type is coated on the PMGI layer 3. 

[0031] Thereafter, as shown in Fig. 4, the photoresist layer 4 is exposed via a 
given mask through UV irradiation or the like. Then, the photoresist layer 4 is 
developed and the remaining PMGI layer is partially removed by a given alkaline 
water solution, to form a T-shaped pre-resist pattern 6 as shown in Fig. 5. 
Thereafter, the pre-resist pattern 6 is ash-treated to fabricate a narrowed resist 
pattern 7 as shown in Fig. 7. 

[0032] Concretely, the ashing treatment is performed by setting the substrate 1 
with the pre-resist pattern 6 into an oxygen plasma atmosphere generated by a high 
frequency coil or planar electrodes. In this case, the substrate 1 is set so that the 
pre-resist pattern 6 is disposed in the center of the oxygen plasma atmosphere. 
Therefore, without the oxygen plasma damage for the substrate 1 and the thin film 2 
to be milled, only the pre-resist pattern can be ash-treated precisely. 
[0033] Moreover, at least one of fluorine-based gas and nitrogen/hydrogen gas 
mixture is added to the oxygen plasma. In this case, the thus obtained mixed gas 
plasma is employed for the ashing treatment. Due to the mixed gas plasma, the 
ashing speed can be enhanced and thus, the efficiency of the ashing treatment can be 
also enhanced. As the fluorine-based gas, fluorine tetrachloride is exemplified. 
[0034] Then, the thin film 2 to be milled is milled via the resist pattern 7, and 
thus, patterned in minute. As a result, a minute patterned thin film 9 as shown in 
Fig. 7 can be obtained. The resist pattern 7 is removed by a given solvent. 
[0035] In this embodiment, the T-shaped pre-resist pattern 6 is fabricated, but a 
reversed trapezoid pre-resist pattern 16 as shown in Fig. 8 may be fabricated by 
controlling the dissolution and removal period of the PMGI layer for the alkaline 
solution and the concentration of the alkaline solution. For example, the 
dissolution and removal period is set to be shorter, and/or the concentration of the 
alkaline concentration is set to be lower, as compared in fabricating the T-shaped 
pre-resist pattern 6. Thereafter, the pre-resist pattern 16 is ash-treated to obtain a 
narrowed reversed trapezoid resist pattern 17. 

[0036] When the patterned thin film 9 is formed with the T-shaped or the 
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reversed trapezoid resist pattern 7 or 17, the milled material shattered from the thin 
film 2 is almost stuck on the not narrowed main body 7-1 or the not narrowed main 
body 17-1 of the respective resist patterns 7 and 17. Therefore, since the milled 
material is removed when the resist pattern is dissolved and removed, no burr is 
created. Moreover, in the removal of the resist pattern, since a given solvent is 
penetrated entirely, the resist pattern can be effectively removed. 
[0037] By fabricating the T-shaped resist pattern 6 or the reversed trapezoid 
resist pattern 16 through the ashing treatment, the contact areas between the bottom 
portions 6-2 and 16-2 of the pre-resist patterns 6 and 16 and the thin films 2 can be 
enlarged to some degree for the main bodies 6-1 and 16-1. The adhesive strength 
of the pre-resist patterns 6 and 16 for the thin films 2 can be enhanced, and thus, the 
break away of the pre-resist patterns 6 and 16 can be prevented at the development 
process. 

Moreover, despite of the reduction of the absolute contact area for the 
thin films 2, physical strength is not applied to the pre-resist patterns 6 and 16 at the 
ashing treatment, the upset and break away of the narrowed resist patterns 7 and 17 
can be prevented. 

[0038] Furthermore, due to the above ashing treatment, the rising angle 9 of the 
main body 17-1 is enlarged and thus, softly sloped. Or the main body 17-1 is 
roundly shaped. Therefore, as compared with a conventional patterning method in 
which the width of the patterned thin film is defined as a maximum width portion of 
the resist pattern, the width of the thus obtained patterned thin film can be much 
narrowed. 

[0039] In the case that a picture reversion type pre-resist pattern is employed to 
form a resist pattern, and then, the thin film patterning is carried out via the resist 
pattern by a milling method, fundamentally, the thin film patterning process can be 
performed in the same manner as Figs. 1-7. 

[0040] However, instead of forming the PMGI layer and the positive photoresist 
in Figs. 2 and 3, the picture reversion type photoresist is coated. The photoresist 
type of the picture reversion type photoresist is changed to negative type from 
positive type due to the picture reversion function, so that for fabricating the 
patterned thin film 9 as shown in Fig. 7, a mask having an opening corresponding to 
the mask 5 is used. Then, the exposure treatment and the heating treatment are 
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carried out and then, the development treatment is earned out. By the heating 
treatment, a decarbonylation is brought about. 

[0041] In this case, by controlling the exposure treatment condition and the 
development condition appropriately, a T-shaped or a reversion trapezoid pre-resist 
pattern can be obtained. For example, as the development treatment period is 
elongated and/or the concentration of the developing solution, the shape of the pre- 
resist pattern is shifted to the T-shape from the reversion trapezoid shape. 
[0042] In the case of using the picture reversion type photoresist, the photoresist 
layer may be exposed uniformly after the heating treatment and before the develop- 
ment treatment. Thereby, the unexposed portion of the photoresist layer can be 
effectively exposed, and thus, without the dense developing solution, etc., the T- 
shaped or the reversion trapezoid resist pattern can be easily formed. 
[0043] As an alkaline soluble phenol resin to compose the picture reversion type 
photoresist, phenolformaldehyde novolac type resin and crezolformaldehyde novolac 
type resin may be exemplified, as described in Japanese Patent No. 29228555. 
[0044] As a naphthoquinonediazido to compose the picture reversion type photo- 
resist, hydroxyl compound and o-benzo or o-naphthoquinonediaziodesulphonic acid 
ester, as described in Japanese Patent No. 29228555. 

[0045] As a negative working agent having picture reversion function, aromatic 
hydrocarbon having amino group or hydroxyl group, l-hydroxyethyl-2- 
alkylimidazolidine, and shellac may be exemplified. 

[0046] In the case that a MG type pre-resist pattern is employed to form a resist 
pattern, and then, the thin film patterning is carried out via the resist pattern by a 
milling method, fundamentally, the thin film patterning process can be performed in 
the same manner as Figs. 1-7. 

[0047] However, instead of forming the PMGI layer and the positive photoresist 
in Figs. 2 and 3, the MG type photoresist is coated. Thereafter, according to the 
steps as shown in Figs. 4 and 5, the exposure treatment and the development 
treatment are carried out to form the pre-resist pattern. Subsequently, the pre-resist 
pattern is ash-treated to form a narrowed resist pattern. 

In this case, after the MG type photoresist is coated and/or in between 
the exposure treatment and the development treatment, for facilitating the shift of a 
dissolution accelerator to the substrate, the photoresist layer may be heated. 



01140 (2000-305,683) 



- 12- 



[0048] Also, by controlling the exposure treatment condition and the develop- 
ment condition appropriately, a T-shaped or a reversion trapezoid pre-resist pattern 
can be obtained, and thus, a narrowed resist pattern can be obtained. For example, 
as the development treatment period is elongated and/or the concentration of the 
developing solution, the shape of the pre-resist pattern is shifted to the T-shape from 
the reversion trapezoid shape. 

[0049] As a phenol dissolution accelerator to be used in theMG type photoresist, 
low nucleic substance having phenolhydroxyl group and 2-5 benzene rings may be 
used, as Japanese Patent No. 2973874. Concretely, the substance is designated by 
the following structural formulas (1) and (2) 
[0050] 



[0051] 




L (° H )q J r 

(j:l or 2, k,m,p:0-3, n:l-4, q:l-3, r:2 or 3, m+p+n<6, k+q<5) 
[0052] Next, a Bi-layered type pre-resist pattern is employed to form a resist 
pattern, and then, the thin film patterning is carried out via the resist pattern by a lift- 
off method. Figs. 10-15 are cross sectional views showing the thin film-patterning 
method according to the present invention. 

[0053] First of all, as shown in Fig. 10, a PMGI layer 23 and a positive type 
photoresist are coated on a substrate 21 . Then, as shown in Fig. 1 1 , the photoresist 
layer 24 is exposed through UV irradiation via a given mask 25. Then, the 
photoresist layer 24 is developed, and the remaining PMGI layer 23 is partially 
removed by a given alkaline water solution to form a pre-resist pattern 26 as shown 
in Fig. 12. 
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[0054] Then, the pre-resist pattern 26 is narrowed by the ashing treatment as 
mentioned above, to form a narrowed resist pattern 27 as shown in Fig. 13. 
Subsequently, a thin film 28 to be patterned is formed on the substrate 21 so as to 
cover the resist pattern 27. Thereafter, the resist pattern 27 is dissolved and 
removed with a given organic solvent, to form a patterned thin film 29. 
[0055] In the case that a picture reversion type pre-resist pattern is employed to 
form a resist pattern, and then, the thin film patterning is carried out via the resist 
pattern by a lift-off method, instead of forming the PMGI layer and the positive type 
photoresist, the single picture reversion type photoresist is coated, and the exposure 
treatment, the heating treatment and the development treatment are carried out in 
turn. Thereafter, the patterned thin film is fabricated by the same manner as in 
Figs. 13-15. 

[0056] As mentioned above, in this case, since the photoresist type of the 
picture reversion type photoresist is changed to negative type from positive type due 
to the picture reversion function, a mask having an opening corresponding to the 
mask 25 is used. Moreover, as mentioned above, the uniform exposure treatment 
may be carried out for the photoresist layer. 

[0057] In the case that a MG type pre-resist pattern is employed to form a resist 
pattern, and then, the thin film patterning is carried out via the resist pattern by a lift- 
off method, instead of forming the PMGI layer and the positive type photoresist, the 
single MG type photoresist is coated, and the exposure treatment, the heating 
treatment and the development treatment are carried out by the same manner as in 
Figs. 11-15. 

[0058] In the case of using the lift-off method for the thin film patterning, by 
controlling the exposure condition and the development condition appropriately, a 
T-shaped or a reversed trapezoid resist pattern can be made. 
[0059] Next, a Bi-layered type pre-resist pattern is employed to form a resist 
pattern, and then, the thin film patterning is carried out via the resist pattern by a 
milling method and a lift-off method. Figs. 16-18 are cross sectional views 
showing the thin film-patterning method according to the present invention. 
[0060] First of all, according to the thin film-patterning steps as shown in 
Figs. 1-6, a pre-patterned thin film 38 and a resist pattern 37 are formed on a 
substrate 31 as shown in Fig. 16. Then, as shown in Fig. 17, a thin film 48 to be 



01140 (2000-305,683) 



- 14- 



patterned is formed on the substrate 31 so as to cover the resist pattern 37 by the 
same manner as the thin film patterning using the lift-off method. Thereafter, the 
remaining resist pattern 37 is dissolved and partially removed, and thus, a patterned 
thin film 49 as shown in Fig. 18 can be formed. 

[0061] In the thin film-patterning method using the milling method and the lift- 
off method, the picture reversion type photoresist or the MG type photoresist may be 
employed to form the above-mentioned patterned thin film, and thus, the similar 
narrowed patterned thin film can be formed. 

[0062] The resist pattern-fabricating method and the thin film-patterning 
method according to the present invention may be preferably employed for a micro 
device such as a semiconductor laser, an optical isolator, a micro actuator and thin 
film magnetic head, particularly, the methods are preferably employed for a thin 
film magnetic head requiring miniaturization in light of high density 
recording/repro du cing . 

[0063] Next, a fabrication process of a giant magnetophotoresistive effective 
element (hereinafter, often abbreviated as "GMR element") of a thin film magnetic 
head using the resist pattern-fabricating method and the thin film-patterning method 
will be described. Figs. 19-22 are fabrication process charts of the GMR element, 
and show the cross sectional views, taken on the line parallel to the ABS of the 
magnetic pole portion (parallel direction to the medium opposing surface). 
[0064] First of all, as shown in Fig. 19, an insulating layer 102 is formed of 
alumina (A1203), etc., on a substrate 101 made of AlTiC (A1203 • TiC). Then, a 
bottom shielding layer 103 for the playback head is formed of a magnetic material 
on the insulating layer 102. Then, a first shielding gap thin film 104a is formed of 
an insulating material such as alumina on the bottom shielding layer 103. 
[0065] Then, a second shielding gap thin film 104b is formed of an insulating 
material such as alumina, except the area for the GMR element to be formed, on the 
first shielding gap thin film. Then, a magnetic layer 105a to be fabricated as the 
GMR element is formed on the second shielding gap thin film 104b. subsequently, a 
resist pattern 37 is formed on the area for the GMR element to be formed according 
to the process shown in Figs. 1-6. 

[0066] Then, as shown in Fig. 20, the magnetic layer 105a is selectively etched 
by ion milling using the resist pattern 37 as a mask, to form the GMR element 105. 
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Next, as shown in Fig. 21, a pair of leading layers 106 to be electrically connected to 
the GMR element are formed entirely on the first shielding gas thin film 104a, the 
second shielding gap thin film 104 and the resist pattern 37, according to the 
fabrication step shown in Fig. 17. 

[0067] That is, in the fabrication steps shown in Figs. 19-21, a milling method 
and a lift-off method are employed to fabricate the patterned thin film constructed of 
the GMR element 105 and the pair of leading layers 106. 

[0068] Then, as shown in Fig. 22, a third shielding gap thin film 107a is formed 
of an insulating material such as alumina on the shielding gap thin films 104a, 104b, 
the GMR element 105 and the leading layers 106, and the GMR element 105 is 
embedded in between the shielding gap thin films 104a and 107a. Subsequently, 
except the nearby area to the GMR element 105, a fourth shielding gap thin film 
107b is formed of an insulating material such as alumina on the third shielding gap 
thin film 107a. 

[0069] Thereafter, a bottom magnetic layer 108 as a top shielding layer, a write 
gap layer 112, a top magnetic layer 114, not shown a thin film coil and a protective 
layer 115 are formed in turn, and the ABS is polished, thereby to complete a thin 
film magnetic head. In Fig. 22, the side surfaces of the top shielding layer is self- 
aligned to construct the trim structure. 

[0070] This invention has been described in detail with reference to the above 
preferred concrete embodiments, but it is obvious for the ordinary person skilled in 
the art that various modifications can be made in its configuration and detail without 
departing from the scope of this invention. 

[0071] As mentioned above, according to the resist pattern-fabricating method 
of the present invention, the pre-resist pattern formed by a conventional fabricating 
method is ash-treated and thus, much narrowed. Therefore, the thus obtained resist 
pattern can be narrowed beyond the optically theoretical limitation. Then, 
according to the thin film-patterning method of the present invention using the 
narrowed resist pattern, a minute patterned thin film can be obtained. 
[0072] In the case that the T-shaped or the reversed trapazoid pre-resist pattern 
is formed according to the present invention, the contact area of the pre-resist 
pattern to the base material can be enlarged, as compared with the size of the main 
body of the pre-resist pattern. Therefore, the adhesive strength of the pre-resist 
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pattern to the base material can be enhanced to some degree, and thus, the precise 
thin film patterning can be carried out through the prevention of the break away of 
the thus obtained resist pattern. 

Moreover, despite of the smaller contact area of the pre-resist pattern to 
the base material, the break away and the upset of the thus obtained resist pattern 
can be prevented because physical strength can not be applied to the pre-resist 
pattern at the ashing treatment. 

[0073] Moreover, due to the ashing treatment, the rising angle of the main body 
of the resist pattern is increased, and thus, gently sloped or the rising portion of the 
main body is roundly shaped. As a result, the patterning width of the thin film is 
defined by the nearby portion to the bottom portion of the main body of the resist 
pattern, and thus, is narrowed, as compared with the patterning width by a 
conventional method, in which the patterning width is defined by a maximum width 
of the resist pattern. 
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